Objective: To determine whether the known higher prevalence of migraine in lower household (HH) income groups is explained by a higher incidence rate or a lower remission rate.
In US studies, migraine prevalence increases as socioeconomic status (SES) decreases, 1 a pattern common to many diseases. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Two general hypotheses 13 have been posited. The social selection hypothesis postulates that a disabling disease can cause a decline in social status because an individual may underperform in educational or occupational achievement. For the social causation hypothesis, low SES is associated with stress and other disease mediators that increase the incidence or duration (i.e., lower remission rate) of illness. Differentiating the relative contribution of each of these causal models is important to understanding disease etiology.
In 1992, we judged that both social selection and social causation were plausible explanations for the fact that migraine prevalence was substantially higher in lower income groups. 1 Migraine usually begins in adolescence or early adult life and is sufficiently disabling 3 to interfere with educational or occupational achievement and cause economic downward drift. Alternatively, more abundant exposure to stressors in lower income groups could cause either a higher incidence or a longer disease duration (i.e., lower remission rate), plausibly supporting the social causation hypothesis.
To test these alternative hypotheses, we developed distinct predictions (table 1) . For social selection, we predicted that neither disease incidence nor remission is related to SES because the association is attributable to individuals with migraine moving from a higher income to a lower income group. Under the social causation hypothesis, low SES may be associated with an increased incidence rate of migraine. Additionally, Low SES could increase disease duration as measured by a lower remission rate.
METHODS American Migraine Prevalence and Prevention (AMPP) Study data were used to determine whether migraine incidence and migraine remission rates differ by household (HH) income. The source population and survey data and statistical methods are described in detail elsewhere, 3 and summarized in brief herein.
Standard protocol approvals, registrations, and patient consents. No patient identifiers were available to the study team.
This study was approved by the Geisinger and Einstein Institutional Review Boards and was supported by the National Headache Foundation.
Source population and data. The AMPP Study used the same methods as the American Migraine Studies 1 and 2. 1,3 A screening questionnaire was mailed in 2004 to a stratified random sample of 120,000 US HHs from a panel maintained by the Taylor Nelson Sofres/National Family Opinion, Inc. 3 The survey was completed by the designated head of the HH who reported the HH census and on those having at least occasional self-defined severe headache. Of 257,339 eligible HH members, data were obtained on 162,705 individuals aged 12 years and older, including 85,373 females (64.3% response rate) and 77,332 males (62.0% response rate). 3 HH members with severe headaches completed a questionnaire that included the age at first severe headache, 21 questions to assign clinically validated headache diagnoses, 2,14 and the Migraine Disability Assessment (MIDAS) questionnaire. The latter included a question on the total number of headache days in the past 3 months that is specific to migraine headache days.
An individual was designated as having active migraine if they reported at least one severe headache in the previous year. Chronic migraine was defined as more than 15 severe headaches per month that met established criteria 14 Confounding of migraine prevalence by HH income. In order of magnitude, migraine prevalence varies by sex, age, SES, and race and to a lesser extent by other potential confounders (e.g., marital status). In preliminary linear regression analysis, neither race nor marital status was statistically significant in explaining variance in age-specific migraine prevalence by HH income for either females or males. As such, we did not consider either of these variables in our estimates of incidence or remission rates. We did not include education as a confounder because it is strongly related to and represents the same socioeconomic domain as HH income.
Statistical methods for incidence rate estimates. We previously demonstrated how survey data can be used to simulate the longitudinal experience of a cohort as an efficient method for estimating incidence rates. The current age of all respondents and the age at onset of migraine are required. [15] [16] [17] A cohort structure is simulated by first organizing data on those with migraine by their current age and age at onset (see example in table e-1 on the Neurology ® Web site at www.neurology.org) and then accounting for person-time from birth for all respondents. In the simulation, migraine cases are censored at the age of onset and all other respondents are censored at the age of interview. A variable called LAG is calculated as the current age minus the age at onset of migraine (see table e-1). The age-specific incidence rate is highest for recent onset cases (i.e., LAG is zero or close to zero) because few or no cases have remitted. As LAG increases, the age-specific incidence rate appears to decrease-this is largely explained by remission that naturally increases as time from onset increases. The previously validated estimating methods use information in this array to simultaneously estimate age-specific incidence and remission rates.
In our original estimating method, 16 incidence was modeled as a smooth parametric function of age and LAG. Age-specific incidence rates were then estimated from the prediction curve where LAG was set to zero. This approach assumes that if onset was in the recent past, then recall is probably less error prone. A drawback to this approach is that a fully parametric model was assumed for the bivariate rate function of age and LAG. In addition, it is unclear what effect recall error and/or bias has on the estimated incidence rates. We addressed both of these issues in our more recent method, where the form of the dependency between rate and age and LAG is assumed to be unknown, and could have a complex nonlinear form. 17 We explored semiparametric models (penalized splines) for this purpose. Our simulation studies showed that this approach is quite robust to a variety of types of recall error.
Statistical methods for remission rate estimates. We previously described methods for estimating remission rates from the same type of survey data, where age at onset is reported. 18 We define remission as having had no attacks in the past year. As noted and described in table e-1, remission is apparent by examining how an age-specific incidence rate declines (table e-1 columns) as LAG increases. This method [15] [16] [17] [18] assumes that there are no major secular changes in incidence, a finding that is supported by AMPP studies completed over the past 2 decades.
Prevalence, incidence, and remission were all estimated simultaneously. Sex-and age-specific prevalence were estimated directly from the AMPP data, incidence rates were estimated as described below, and remission rates were estimated using equation 1 of Roy and Stewart 18 and as detailed below.
Estimating sex-, age-, and HH income-specific incidence and remission rates. HH income groups were defined a priori and based, in part, on previous work. 1 To increase statistical power and to reduce computational demand in estimating incidence and remission rates, we reduced the number of income categories from 5 strata, as previously described, 1 to 3 income strata. The lowest income tertile was defined for females (,$22,500) and the remainder were approximately equally divided into 2 HH income groups (i.e., $22,500-$59,999 and $$60,000). The HH income categories for males were defined using these same Table 1 Expected impact of low household (HH) income on migraine incidence and remission rates by causal explanation
Causal explanation

Expected impact of low HH income
Incidence Remission
Social selection None None
Social causation (increased incidence) Higher None
Social causation (lower remission or prolonged disease duration)
None Lower
categories. We estimated sex-and age-specific prevalence, incidence, and remission rates using the methodology as described and formally tested for differences in each rate by HH income as follows. We specified a single model for each sex that included interaction terms by income category (income by age interaction in the spline model). For the interaction terms, we specified spike and slab priors for the coefficients, with a common spike. 19 Essentially, there is an unknown probability that all of the coefficients of the interaction terms are zero. The posterior mean of the spike can be thought of as the posterior probability of no interaction between income and the outcome. This posterior mean is what we use to "test" for an interaction.
RESULTS Baseline survey participants were between 12 and 100 years of age; 52.5% were female (table 2) . A total of 23.1% of females and 16.9% of males were in the lowest income tertile. HH income tertiles significantly differed by age and race for both females and males. The lowest income group was older and less likely to be Caucasian. Of the 85,373 females, 17.1% had current or active migraine; 27.3% were in the lowest income tertile. Of the 77,332 males, 5.6% had current migraine; 26.7% were in the lowest income tertile. Both female and male migraine cases in each HH income group significantly differed in their distribution by average pain intensity, headache frequency, MIDAS grade, and use of prescription medications for headache in the past year. Females and males in the lowest income group were more likely to have extremely severe pain and grade IV MIDAS impact, less likely to have infrequent headache days (i.e., 0-3 per month), and more likely to have used prescription medications in the past year (table 3) .
Prevalence of migraine peaked at age 38 in females and at age 40 in males. Age-specific prevalence was higher among those in the lowest HH income group (figure, A and B). Female and male age-specific prevalence was significantly different by HH income (table 4). Incidence peaked at age 26 in females and at a younger age than in males. Age-specific incidence was significantly higher among those in the lower HH income groups for both females and males (figure, C and D; table 4). Age-specific remission rates did not differ by HH income in either females or males (figure, E and F; table 4). DISCUSSION The results from this study are not compatible with the social selection or downward drift hypothesis. Notably, initiation of migraine (incidence) appears to be the dominant mediator of the observed higher prevalence of migraine in lower income groups. Moreover, once initiated, the duration of time that an individual will have migraine does not appear to differ by HH income. The latter is inferred because remission rates do not differ by HH income. In general, these findings strongly support social causation as a mediator of variation in prevalence by HH income, but they do not exclude social selection as a possible explanation of some of the HH income variance. Measures of pain and disability are more severe in lower HH income groups, a finding that is also consistent with the social causation hypothesis.
A higher prevalence of migraine has been consistently reported 1,2,20-29 among lower income or lower education groups in the United States 1,2,20,25-27 and elsewhere. [21] [22] [23] [24] 28, 29 Exceptions 30-33 are likely explained by small samples, low variability income, or high levels of social support. While there is a direct effect of low income on health, HH income itself is also a surrogate for a number of social, psychological, and physical exposures, some of which may mediate migraine onset. The fact that migraine incidence is related to HH income may suggest that the etiology of migraine onset is strongly related to exogenous factors. For example, physical and psychological stress may contribute to migraine onset, 34 as the frequency of stressful events is known to be more common in lower HH income groups 35 and these same factors may mediate variation in attack frequency. 36 Exogenous mediators may also differ by sex. For example, women in lower income groups may be more likely to experience abuse or neglect than men, factors known to influence migraine prevalence. 37 In contrast, migraine remission may be more strongly related to endogenous or genetic factors. These findings may also be relevant to other chronic episodic disease, most of which are more common among those in lower SES groups. [4] [5] [6] [7] [8] [9] [10] The cumulative lifetime risk of migraine is 43% in females and 18% in males. 16 In contrast, the 1-year period prevalence of active migraine (i.e., 17% in females, 5% in males) is substantially lower, indicating that remission is common. 1 The lack of variation by HH income may indicate that remission is not strongly related to exogenous factors, including the known better access to health care among higher income groups. 1 Instead, remission may be more strongly mediated by endogenous and genetic factors. More generally, the genetic liability for persistent migraine may primarily be attributable to predisposition to remission. 38-40,e1 Previous twin and family aggregation studies have not separately considered genetic liability for migraine onset vs migraine persistence or remission. In a population-based sample of active migraine cases, individuals who are less likely to remit are overrepresented. The limited progress in identifying specific migraine genes may be explained, in part, by the failure to separately search for genes that determine onset and persistence. Notably, because of the high remission rate for migraine, it is likely that individuals who have had migraine and remitted may be included in the control group of a genetic case-control study. More importantly, an active migraine case group sampled from the general population will have a highly heterogeneous prognosis, varying substantially by both past and future duration of disease. The study of migraine genetics may be improved by selecting both remitted and active migraine cases to be representative of the original incidence case pool.
Factors that contribute to migraine onset may also contribute to attack frequency. Low HH income was also associated with increased attack frequency. This would offer a straightforward explanation for why attack frequency varies by HH income. However, changes in attack frequency may not be strongly related to the duration of time that an individual experiences migraines. That is, the factors involved in mediating remission may also differ from those that Continued mediate increased attack frequency, and more severe pain from attacks. The approach we have used to examine HH income and migraine in this study may be applicable to other chronic health problems with episodic manifestations, most of which are more common in lower HH income groups. 4-10 A higher prevalence of active disease has been reported in lower income groups for epilepsy, asthma, gastroesophageal reflux disease, allergic rhinitis, abdominal pain, low back pain, osteoarthritis, and urinary incontinence, among others. Population-based studies of these conditions have focused on active prevalent cases for the most part, with only limited attention to incidence and remission. Moreover, psychological factors (e.g., response to stress, anxiety, depression) and related comorbidities may be important in modifying the effect of environmental stressors for chronic episodic conditions. e2-e4
A potential limitation to our findings is that confounders could explain differences in prevalence or incidence by HH income. Because we have accounted for the dominant confounders (i.e., sex, age, HH income), it is not likely that other factors represent a meaningful threat to inference. In order of magnitude, migraine prevalence is known to differ by sex, age, HH income, and race. We completed linear regression analysis adjusting prevalence estimates by HH income for race and marital status. Neither variable was significant. After race, the next most significant consideration is depression and anxiety, factors that are known to be associated with a higher incidence of migraine e5,e6 and more prevalent in lower income groups. However, we would not characterize depression and anxiety as possible confounders because they are more likely to be mediators of migraine onset for which adjustment would not be sensible. We did not adjust for education, known to be associated with migraine prevalence, because it is a surrogate for HH income (i.e., our primary stratification variable used to test hypotheses regarding incidence and remission rates). Finally, body Abbreviations: AMPP 5 American Migraine Prevalence and Prevention; HH 5 household; MIDAS 5 Migraine Disability Assessment. a The x 2 test was statistically significant (p , 0.01) for differences in percent distribution of respondents by age and race across sex-specific HH income groups. b Evidence indicates that all or most headaches experienced by those with migraine are pathophysiologically migraine headaches. As such, the measures of average pain intensity and headache days refer to migraine headaches. Prescription drug use is also for migraine headaches.
Figure
Estimated age-specific prevalence (A and B) and incidence (C and D) and remission (E and F) rates for females and males by household income
For females and males, the black curve is for a household income ,$22,500, the red curve is $22,500-$59,999, and the blue curve is $$60,000.
mass index, alcohol and tobacco use, and access to health care (e.g., physician diagnosis) may also influence prevalence rates. While these factors are associated with attack frequency and possibly attack severity, the evidence is uncertain for body mass index and it is mixed for a relation to migraine prevalence, especially for alcohol and tobacco use. Alcohol use may be associated with lower migraine prevalence and tobacco use may be associated with higher migraine prevalence 28 but evidence is not consistent across studies. More generally, our finding that HH income is not related to remission rates indicates that confounders of migraine prevalence by HH income are inconsequential in explaining migraine remission rates by HH income. Finally, we consider 3 possible limitations. First, we used HH income at the time of interview, not around the time of onset of migraine. Errors in assigning a respondent to an HH income category will likely reduce the strength of associations. The significance of our findings indicates that the errors are not likely to be substantial. The median age at onset of migraine is in the third decade of life 16 and HH income at this time is correlated with HH income in the period before and after onset. Moreover, table e-1 shows that more than half of the female migraine incident cases occur within 5 years of the interview, a time that is relatively proximal to the time of reporting HH income. Second, we excluded chronic migraine because of the substantial risk of underemployment and the direct impact on HH income. This form of reverse causation could introduce potentially significant confounding by HH income. We recognize that chronic migraine is more common in lower income groups and as a result we may have overestimated remission in the lower income group. Because there is a 12:1 ratio of Abbreviations: AMPP 5 American Migraine Prevalence and Prevention; HH 5 household; NS = not significant. a The x 2 test was statistically significant (p , 0.01), indicating differences in the prevalence or incidence rate across sex-specific HH income groups.
episodic migraine cases to chronic migraine cases, we would not expect much of an effect on remission rates by including chronic migraine cases in the analysis, assuming that chronic migraine is related to duration of disease. Finally, we considered the possibility that the findings could be an artifact of the modeling process that we used. Specifically, if incidence was estimated first within SES strata, it might result in a finding whereby the age-specific incidence estimates mirror the age-specific prevalence estimates and estimates of remission are deterministically estimated from incidence and prevalence. However, prevalence, incidence, and remission were estimated simultaneously to avoid any possible effect that the order of estimating might have on the findings.
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